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Abstract
STEVE, i.e, the “Space-Time-Enclosing Volume Extrac-
tion” algorithm is used here to generate continuous hyper-
surfaces, which enclose the occupied 4-cells of the dis-
cretized four-dimensional (4D) transversal phase space of
a charged particle beam. The hypersurfaces are visualized,
and hence provide the possibility to explore their true 4D
shape features.
Introduction
Originally, STEVE [1] has been developed to determine
so-called freeze-out hypersurfaces (FOHS) that may or
may not be contained in 4D relativistic heavy-ion physics
simulation data (cf., e.g., Ref. [2]). The resulting FOHS are
tetrahedral meshes of isothermal volumes that are embed-
ded in a 4D xyzt-space (space-time) under consideration.
STEVE [1] can be viewed as expansion into 4D of the
three-dimensional (3D) surface generator VESTA [3]. In
3D, VESTA processes voxels and/or adequate 3D simu-
lation data, whereas in 4D, STEVE processes toxels (i.e.,
Figure 1: Projection of a tesseract containing the 4D simu-
lation data [6, 7], together with all 4D hypersurfaces (i.e.,
volumes) generated by STEVE (taken from [1], see text).
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time-varying voxels) and/or adequate 4D simulation data.
In 3D, the computation speed of VESTA is very high
on both CPUs [3] (note the independent confirmation in
Ref. [4]) and GPUs [5]. Likewise in 4D, STEVE is very
efficient because it minimizes possible data redundancy
by avoiding multiple counting of the manifold supporting
points within the 4-cells, i.e., tesseracts (cf., Ref. [1]).
Results
The visualization of shape features of the 4D transversal
phase space of charged particle beams may lead to an opti-
mization of the operation conditions of the particular parti-
cle sources [6]. In Fig. 1, we show for a 50× 50× 50× 50-
sized toxel data set [6, 7] STEVE’s resulting hypersurfaces,
i.e., the union of 129, 563 tetrahedrons in the 4D xy′x′y-
space. Note that all generated particles are enclosed here
by choosing an iso-value of 1 for enclosure (cf., Ref. [1]).
One can also probe the shape dependence of the ex-
tracted iso-hypersurface while intersecting them with 3D-
subspaces (cf., Ref.s [1, 8]). Such scans provide informa-
tion about the dimensionality of the object in particular.
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